Abstract -This paper discusses the yaw control of small-size unmanned helicopter. The yaw dynamics of helicopter involve input nonlinearity, time-varying parameters and the couplings between main and tail rotor. With respect to such a complicated dynamics, the normal PID control is difficult to realize good tracking performance while maintaining stability and robustness simultaneously. In this paper, a valid control is proposed by applying the derivative of the nonlinear function, the original system is to be extended a new system with a pseudostate variable. This approach makes it possible to avoid using the inverse of the nonlinear function and reduces the calculation load. The simulation results further demonstrate the improvements of the proposed algorithm.
I. INTRODUCTION
Nonlinear control techniques currently available in the literature [1] [2] [3] are applicable to plants that are under the assumption of linear or affine linear inputs. For most practical control systems, however, there often exists input nonlinearity in the control input. However, due to physical limitation, there exist nonlinearities in the control input and their effect cannot be ignored in analysis of controller design and realization.
The Dynamics of an unmanned helicopter is strongly nonlinear, inherently unstable, highly coupled and forms a multiple input multiple output (MIMO) non-minimum phase system with time varying parameters. During the last years, an urgent demand for helicopter, specially, unmanned helicopter has grown strongly in the area such as national defence, disaster rescue and Anti-terrorism. Researching on reliability and robustness of the nonlinear control methods to improve the performance of the flight control system has been an important focus in the control area [12] .
The flight control system design of unmanned helicopter consists of dynamics and control methods. And the flight control design has been dominated by classical [4] . [6] proposed an algorithm for computing a dynamic controller based on prolongations, which renders a given system linearizable via regular static feedback. [7] presents an inputstate linearization method to allow design of state-feedback controllers for single-input linear systems, and this method does not apply the inverse of the nonlinear function of the systems. Some simulations are presented to illustrate the validity of this method. The paper is organized as follows. Section II describes yaw dynamic of a small-scale helicopter mounted on an experimental platform. Section III presents a systematic method to design controller for yaw dynamics system with input nonlinearity. Applying the derivative of the nonlinear function, the original system is to be extended a new system with a pseudostate variable. This approach makes it possible to avoid using the inverse of the nonlinear function and reduces the calculation load. A numerical simulation is performed to show the feasibility of the proposed approach for yaw control in Section IV. A brief conclusion is given in Section V.
II. YAW DYNAMICS
A. Modeling yaw dynamics
In this paper a framework of the simulation model for the helicopter-platform (see Fig.1 ) is set up using rigid body equations of motion of the helicopter fuselage. In this way the effect of the aerodynamic forces and moments acting on the helicopter are described. The total aerodynamic forces and moments acting on a helicopter can be calculated by summing up the contributions of all components on the helicopter, which include main rotor, tail rotor, fuselage, horizontal stabilizer and vertical fin. So, the yaw dynamics has the form: Of=r {I = Nm +Ntr +Nfus +N +Nvf (1) where ( In hovering and low-velocity flight, the torque generated by main and force generated by tail rotor is dominant. By simplifying the fuselage and vertical fin damping, the yaw dynamics can be rewritten as: (2) OIQ=r tIJz = -Qmr + Ttrltr + blr + b2 So where Qmr is the torque of main rotor, Tr is the thrust of tail rotor, 1, is the distance between the tail rotor and z-axis, b, and b2 are damping constants.
The brief presentation of the forces and torques computing can be obtained by using the blade element method Similarly, the lift of tail rotor, Ttr(see Fig.3 ), can be written:
Ttr k 26r + kTOtr + kT0
(10) Where kT2, kTl and km depend on the shape of the blades and the speed of tail rotor Q,tr Substituting (9) and (10) Where, bi and b2 are damping constants.
( 1 1) indicates:
1) The yaw dynamics for small scale helicopter can be described second order time-varying system with input nonlinearity.
2) The input nonlinearities include unknown parameter, which depend on the main rotor collective, the speed of main rotor and the speed of tail rotor.
3) There are couples between the main rotor torque and the tail rotor force. The main rotor torque changes while the main rotor collective and the speed of main rotor change, which is a time-varying disturb.
FEEDBACK CONTROL DESIGN
In this section, we use a dynamics feedback linearization method to design control law for yaw dynamics [7] .
A. Preliminary Jxl(t) = X2 (t) {X2 (t) = blq+ b2r + yf(u) (12) B. Controller design Assume yt(u) is differentiable by u any number of times and each of them hold nonzero values. Our objective is to find a state-feedback controller that stabilizes the system (12) and satisfies its control requirement.
One solution for this problem is the following method. If the nonlinear function yt is a nonzero function, then the system (12) can be linearized. Because (12) and (14) show that the right hand of (12) can be decomposed into linear part Ax and nonlinear part byf(u), it can be linearized [8] Applying the method in [8] to this system, the variables and the input are converted as follows:
and we obtain the following linear system:
In this case, the actual input u is calculated from the virtual input v. 
for all x3. The controllability is proved.
To show that the set of {g, adf g, ad g} is involutive, let this set be hl, h2 }. 2 3
Its derivative with respect to time is In this section, the control algorithm is verified by the simulation model obtained from the helicopter-on-arm platform, as shown in Fig.4 . A small-scale electrical helicopter is mounted at the end of a two-DOF arm, while the weight of the helicopter is perfectly balanced at the other side of the arm. First, the parameters of the nonlinear yaw dynamic model are identified by least square method, and the followings are the result:
The initial states are x1 (0) = 30, x2 (0) = 10. Where the initial value of the model parameter is 1o0=0, the constant change value in lOs is A -5, the amplitude of the sine change is A -2, and the angular frequency is -2rad/s. Simulated results are demonstrated in Figs. [6] [7] . In these simulations, it can be easily seen that using our the proposed method can work effectively, even if the disturbance change according to the step-changing and continuous sine changing in 10 seconds.
Summarizing these simulations, it is noted that the proposed feedback control via input-state linearization design method can improve the system performance in the presence of the disturbance. 
